Identification of differentially expressed genes is critical to understand the molecular mechanisms underlying both normal and pathophysiological events. A significant limiting factor associated with such studies can often be the quantity of available starting material (i.e., RNA). Among the existing subtraction hybridization techniques that have been previously used for such studies at the level of RNA expression (1, 2, 4, 5, 8, 10, 11) , all techniques need at least 2 µ g of mRNA or 300 µ g of total RNA as starting material. Differential display is an alternative approach, but this can also require substantial amounts of RNA. We now describe a new subtractive strategy that has allowed us to identify differentially expressed genes from microdissected regions of in situ and invasive breast cancer isolated from the same individual and using only 0.3 µ g of total RNA.
The general procedure is outlined in Figure 1 . In situ (IS) and invasive (IV) breast cancer regions were microdissected from sections of biopsy samples, and the corresponding RNA was extracted as described (3) . Optical density (OD 260 ) was used to quantitate RNA, and 300 ng of total RNA were used as the starting material. After the capture of mRNAs by hybridization to oligo(dT)-coupled magnetic beads (Dynal, Lake Success, NY, USA), singlestranded (ss) cDNAs covalently bound to the beads (sscDNA IS-beads and sscDNAs IV-beads for in situ and invasive compartments, respectively) were synthesized according to the manufacturer's instructions. Oligo(dA) residues were then added to the 3 ′ ends using terminal transferase as previously described (2) . This tailing allowed the subsequent synthesis, using an Mbo1 -(dT) primer (5 ′ -AGGGCGATCTTTT -TTTTTTTTT-3 ′ ), of complementary DNA strands from sscDNA IS-beads (c-sscDNA IS). To equalize the relative representation of each type of expressed mRNA (c-sscDNA IS), an auto-subtraction was performed (6) . This consisted of denaturation of csscDNA IS/sscDNA IS-beads hybrids (95°C, 5 min) followed by a long renaturation period (65°C, 3 days). This step was based on the ability of highly represented c-sscDNA IS (corresponding to abundant mRNAs) to anneal more rapidly to their corresponding sscDNA IS-beads than lowly represented c-sscDNA IS (corresponding to low abundant mRNAs). After this long renaturation, the solution would contain an "equalized population" where each c-sscDNA IS would be similarly represented. This step, which is the main modification compared to already exist - Figure 1 . General procedure. Total RNA was extracted from in situ (IS) and invasive (IV) compartments microdissected from human breast ductal carcinoma. mRNAs were isolated on oligo(dT) coupled to magnetic beads, and sscDNAs bound to the beads were synthetized (sscDNA IS-beads and sscDNA IV-beads). Oligo(dA) tails were added, and complementary DNA strands of sscDNA IS-beads (c-sscDNA IS) were synthetized using Mbo1(dT) primer. After performing auto-subtraction, equalized population of c-sscDNAs IS was subtracted three times against sscDNA IV-beads. c-sscDNA IS remaining specifically in the solution after beads removal, were amplified and labeled by radioactive PCR using Mbo1(dT) primer. PCR products were separated on PAGE gel and detected by autoradiography.
ing techniques, has achieved two goals: The first goal is to decrease the total c-sscDNA IS quantity, thus allowing the sscDNA IV-beads to be in excess of any c-sscDNA IS species, which is equally expressed in both tumor compartments. Thus, this allows for the subtraction of any mRNAs, equally expressed in both compartments, but not those c-sscDNAs IS corresponding to genes more highly expressed in the in situ than in the invasive compartment (9) . The second goal is to decrease drastically the proportion of c-sscDNA IS corresponding to highly expressed housekeeping mRNAs. These housekeeping c-sscDNA IS were therefore more efficiently removed during the subsequent subtractions, which increased the possibility of isolating important c-sscDNA IS, associated with the progression from carcinoma in situ to invasive carcinoma.
Three rounds of subtraction were performed. Each round consisted of allowing equalized sscDNA IS to anneal to sscDNA IV-beads (65°C, 24 h). c -sscDNA IS, common to both in situ and invasive compartments, were captured by potentially complementary sscDNA IV-beads and were subsequently removed from the solution. sscDNA IV-beads were boiled after each round, isolated with a magnet and used in the following round. To simplify the subsequent amplifications, all subtractions, described above, were performed in Taqbuffer that consisted of 20 mM Tris-HCl (pH 8.4), 50 mM KCl and 2 mM MgCl 2 . To determine the number of rounds of subtraction necessary for the clean isolation of differentially expressed cDNAs, the efficiency of each round was monitored by radioactive PCR amplification of the cDNA, representing the housekeeping gene glyceraldehyde-3-phosphate dehydrogenase (GAPDH) (Figure 2A ). This radioactive PCR amplification was performed as described (7) using GAPDH primers (sense 5 ′ -ACCC -ACTCCTCCACCTTTG-3 ′and antisense 5 ′ -CTCTTGTGCTCTTGCTG-GG-3 ′ ) and [ α -32 P]dCTP. Labeled PCR products were then separated on 6% polyacrylamide gels containing 7 M urea and visualized by autoradiography. After the third round of subtraction, GAPDH is no longer detectable in the Vol. 21, No. 6 (1996) Benchmark s solution, confirming the efficiency of the subtraction (i.e., GAPDH is equally expressed in both the in situ and invasive compartments and should be removed by the subtraction technique). Radioactive PCR performed after the third round of subtraction under the same conditions but using the Mbo1(dT) primer allowed the detection of cDNAs, either specific for or more highly expressed in the in situ carcinoma compartment: X1, X2, X3, X4 and X5. These bands could be isolated, subcloned and sequenced as described (7) . It should be noted that the largest cDNA isolated with this technique was 1000 bases long. This small size range was probably due to the preferential amplification of short fragments during PCR. To obtain longer cDNAs, PCR condi tions could be modified or the c-sscDNAIS specifically could be enriched for size before amplification. To confirm the differential expression of mRNAs represented by the cDNAs isolated, specific primers were designed, and PCR was performed on an original aliquot of sscDNA IS-and sscDNA IVbeads using standard conditions (7) . Figure 2B shows results obtained using X4 specific primers and GAPDH primers. The band corresponding to X4 cDNA, which was characterized by sequencing, migrated at the expected size of 249 bp and was observed in the in situ sample but not in the matched invasive one. This difference was not due to differences in the input cDNA, as demonstrated by the intensity of the 178-bp fragment corresponding to the GAPDH cDNA.
The approach shown here allowed for the identification of genes differentially expressed using a starting amount of 0.3 µ g of total RNA. The ability to isolate and characterize such genes using one thousandth the RNA level, used in previously described subtractive techniques, is thought to be due to the addition of an auto-subtraction/equalization step to the protocol. Moreover, the incorporation of [ α -32 P]dCTP in the PCR, together with the separation of labeled PCR products on polyacrylamide gel electrophoresis (PAGE) gel, also increased the sensitivity of this new approach. This technique can be adapted easily to the study of all models where the available quantity of material remains limiting and when the existing techniques are not sensitive enough.
